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Abstract We conducted route census surveys on butterfly communities in the habitats of an endangered butterfly, Shi- 
jimiaeoides divines asonis (Matsumura, 1929), under different grazing intensities on the volcanic slopes of Mt. Aso, 
central Kyushu, Japan, in 2005, 2006 and 2008. At the study sites, the semi-natural grassland underwent routine burning 
every spring. The results obtained are summarized as follows: (1) Sixty-four species assigned to five families were re- 
corded during three observation years. (2) Ten “rare species” nominated in the “red list” by Kumamoto Prefecture and/ 
or Ministry of Environment were recorded. (3) Grassland species, S. divinus asonis and Colias erate poliographys 
Motschulsky, 1860, and forest species. Celastrina argiolus labonides (de l'Orza, 1869), Ypthima argus Butler, 1866 and, 
Eurema mandarina (de l'Orza, 1869) were abundant. (4) More species were found at the non-grazing site (site NG) than 
at the customary grazing site (site CG), and more forest species were found at the site NG than at the site CG. (5) Shanon- 
Wiener function (H') of the butterfly community at the site NG and that at the site CG were nearly the same but Shimp- 
son's index of diversity (1-4) was higher at the site NG than at the site CG. (6) S. divinus asonis was the most abundant 
species at the site CG. On the other hand, in the habitats under low grazing intensity, the species of Lycaenidae changed 
from S. divinus asonis (grassland species) to C. argiolus labonides (forest species). (7) Shanon-Wiener function ( ガ ) was 
nearly the same among the four study sites under different grazing intensity (site NG, site LG, site CG and site HG 
(under high grazing intensity), but Shimpson's index of diversity (1-4) decreased as the grazing intensity increased. (8) 
Grazing intensity did not affect the number of rare grassland species. The number of rare forest species at NG was the 
highest among the four study sites. (9) The ratio of S. divinus asonis to all butterflies was about 90 % from late April to 
mid-May in the sites NG, LG, and CG. In conclusion, mixture of grasslands under various grazing intensities may be of 
benefit for the maintenance of diversity of butterfly fauna. In particular, grasslands maintained without grazing should 
be important to conserve the butterfly fauna of Aso grasslands. We also paid particular attention to the relationship between 
abundance of S. divines asonis and that of C. argiolus labonides, because their larvae feed on flowers of the same host 
plant, Sophora flavescens Ait., and hence they could be in competition with each other. 
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Introduction divinus asonis and its host plant, Sohopra flavescens Ait., 
and concluded that traditional and customary grazing 
intensity is the most suitable for conserving this butterfly 
and the host plant. However, there has been no study on 
the influence of grazing for other butterflies occurring in 


the habitats of S. divines asonis. 


Traditional vegetation management (mowing, burning 
etc.) and grazing have been playing an important role in 
maintaining suitable habitat conditions for rare butterflies 
in many regions of the world (New, 1997). In Japan, tra- 
ditional mowing and grazing practices have ceased in most 


districts, resulting in the decline of several grassland spe- 
cies of butterflies (Inoue, 2003). At Mt. Aso, central Kyushu, 
however, the grasslands have been exceptionally maintained 
by cattle grazing and routine burning in every spring 
(Murata and Nohara, 1993), and the population of an 
endangered lycaenid, Shijimiaeoides divinus asonis (Mat- 
sumura, 1929) is still abundant, although the populations 
of this butterfly have declined markedly in areas where 
routine grassland burning has not been conducted (Mu- 
rata et al., 1998). Murata and Nohara (2005) reported that 
the number of attendant ants and larvae of this butterfly 
on the host plant decreased in habitat without pasturage 
or unburned grasslands. Murata ef al. (2008), analyzed 
the influence of grazing intensity upon this butterfly, S. 


This paper examines effects of grazing intensity on the 
butterfly community structure in the habitats of S. divinus 
asonis. We propose a practical management plan for 
conserving a set of “rare species” of butterflies occurring 
together with S. divines asonis. 


Study sites and methods 
a) Study sites 


The study sites, located on the volcanic slopes of Mt. Aso, 
were grasslands mainly covered with natural herbaceous 
plants. Non grazing sites (site NG) and customary grazing 
sites (site CG) were surveyed to determine the influence 
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Table 1. List of the butterfly species observed by transect counts during the adult flight season (April -November) in 2005 and 2006. 

















Status in Red Data List NG CG 
Species Habitat Kumamoto Japan 2005 2006 2005 2006 
Papilionidae 
Graphium sarpedon nipponum F 2 2 l 3 
Papilio xuthus F 1 l l 
Papilio machaon hippocrates G 6 3 2 
Papilio memnon thunbergii F l 1 
Papilio protenor demetrius F 1 1 1 1 
Papilio spp. (dehaanii or maackii) F 1 
Pieridae 
Leptidea amurensis G VU VU 1 2 
Anthocharis scolymus G 2 l 
Pieris spp. (nesis or melete) F 1 3 5 
Eurema laeta betheseba G VU 11 13 3 10 
Eurema mandarina F 56 66 8 12 
Colias erate poliographus G 52 62 83 106 
Lycaenidae 
Curetis acuta paracuta F 5 13 l 
Narathura japonica F 3 
Antigius attilia F 1 
Callophrys ferrea F 1 
Rapala arata F 2 l 
Lycaena phlaeas daimio G 36 43 12 15 
Niphanda fusca F CR+EN 2 11 14 
Zizina otis emelina G CR CR+EN 3 3 4 12 
Zizeeria maha G 7 5 13 
Everes argiades G 9 17 2 8 
Celastrina argiolus labonides F 80 38 20 17 
Lampides boetieus G 
Shijimiaeoides divinus asonis G VU CR+EN 229 673 302 624 
Nymphalidae 
Libythea lepita celtoides F 5 7 9 5 
Araschnia burejana strigosa F 2 l 
Vanessa cardui G 2 l 8 
Vanessa indica G l 5 2 2 
Polygonia c-aureum G 6 7 1 6 
Nymphalis xanthomelas japonica F 1 2 
Kaniska canace nojaponicum F 3 5 3 
Argyronome laodice japonica F CS 4 
Argyronome ruslana F 17 10 3 20 
Nephargynnis anadyomene midas F l 
Damora sagana liane F 5 4 
Argynnis paphia tsushimana F l 5 5 
Fabriciana adippe pallescens G 5 5 20 36 
Argyreus hyperbius G 9 14 7 13 
Dichorragia nesimachus nesiotes F 1 l 
Neptis pryeri setoensis F NT 1 
Neptis sappho intermedia F 4 5 2 
Ladoga camilla japonica F l 
Hestina japonica F 3 5 1 
Sasakia charonda F CS NT à 
Ypthima argus F 43 50 7 26 
Mycalesis gotama fulginia F 4 
Kirinia fentoni G VU NT 12 1 l 2 
Minois dryas bipunctata G 16 15 50 33 
Melanitis phedima oitensis F 2 2 
Lethe diana F 7 8 7 8 
Neope niphonica F 11 11 12 22 
Hesperiidae 
Choaspes benjaminii japonica F 1 
Daimio tethys F 1 4 
Erynnis montanus F の 
Leptalina unicolor G NT 3 
Thoressa varia F I 
Thymelicus sylvaticus G 7 7 8 
Ochlodes ochraceus F 5 3 
Potanthus flavus G 2 4 2 
Polytremis pellucida G 14 6 63 19 
Pelopidas mathias oberthueri G 2 3 7 
Parnara guttata G 4 7 4 
Hesperiidae spp. 9 11 5 7 
Total number of individuals 709 1145 684 1069 
Total number of species 64 48 49 35 37 





NG: non-grazing, CG: customary grazing intensity. Character of habitat; F, forest species; G, grassland species. 





CR: Critically Endangered or Endangered ; VU: Vulunerable; NT: Near Threatened species; CS: Careful species (Kumamoto Prefecture, 2009). 


CR+EN: Critically Endangered or Endangered ; VU: Vulunerable; NT Near Threatened species (Ministory of the Environment, 2006). 
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Table 2. List of the butterfly species observed by transect counts during the adult flight season (April -November) in 2008. 
Status in Red Data List Sites 

Species Habitat Kumamoto Japan NG LG CG HG 
Papilionidae 
Graphium sarpedon nipponum F 2 5 2 
Papilio machaon hippocrates G 2 1 
Papilio spp. (dehaanii or maackii) F 1 
Pieridae 
Pieris spp. (nesis or melete) F 8 l 5 2 
Eurema laeta betheseba G VU 27 15 78 13 
Eurema mandarina F 22 11 10 8 
Colias erate poliographys G 24 143 114 98 
Lycaenidae 
Curetis acuta paracuta F 11 2 1 
Narathura japonica F 1 
Lycaena phlaeas daimio G 11 13 11 1 
Niphanda fusca F CR+EN 2 25 28 3 
Zizina otis emelina G CR CR+EN 1 5 5 2 
Zizeeria maha G 13 5 17 8 
Everes argiades G 11 14 2 
Celastrina argiolus labonides F 27 93 30 5 
Lampides boetieus G l 1 
Shijimiaeoides divinus asonis G VU CR+EN 128 226 496 2 
Nymphalidae 
Libythea lepita celtoides F 2 2 4 
Araschnia burejana strigosa F 4 
Vanessa cardui G 3 2 4 2 
Vanessa indica G 3 3 6 11 
Polygonia c-aureum G 6 l 4 6 
Nymphalis xanthomelas japonica F 
Kaniska canace nojaponicum F 7 2 l 
Argyronome ruslana F 1 3 1 
Damora sagana liane F l 
Argynnis paphia tsushimana F 4 2 
Fabriciana adippe pallescens G 3 16 53 12 
Argyreus hyperbius G 19 13 4 4 
Dichorragia nesimachus nesiotes F 1 
Neptis sappho intermedia F 14 2 2 
Ladoga camilla japonica F 2 2 
Hestina japonica F 1 1 2 
Parantica sita niphonica F 1 
Ypthima argus F 45 61 36 14 
Mycalesis gotama fulginia F 2 2 
Kirinia fentoni G VU NT 9 2 
Minois dryas bipunctata G 11 18 82 8 
Melanitis phedima oitensis F 1 
Lethe diana F 6 4 4 
Neope niphonica F 7 9 1 
Hesperiidae 
Daimio tethys F 2 1 
Leptalina unicolor G NT 5 6 
Thoressa varia F l 2 
Thymelicus sylvaticus G 8 6 1 
Potanthus flavus G 1 5 2 
Polytremis pellucida G 7 7 3 
Pelopidas mathias oberthueri G 1 1 
Parnara guttata G 1 34 
Hesperiidae spp. 11 4 1 
Total number of individuals 459 755 1039 211 
Total number of species 49 44 35 35 23 


NG: non-grazing, LG: low grazing intensity, CG: customary grazing intensity, HG: highest grazing intensity. 
Character of habitat; F, forest species; G, grassland species. 


CR: Critically Endangered or Endangered; VU: Vulunerable; NT: Near Threatened species; CS: Careful species (Kumamoto Prefecture, 2009). 


CR+EN: Critically Endangered or Endangered; VU: Vulunerable; NT Near Threatened species (Ministory of the Environment, 2006). 
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Fig. l. Seasonal changes of total number of individuals of butterflies (whole species inclusive) and 
number of individuals of Shijimiaeoides divinus asonis in the non-grazing site (CG) and the 
customary grazing site (CG) in 2005 and 2006. 


of cattle grazing on butterfly communities in 2005, 2006 
and 2008. The grazing has ceased since 1998 at site NG, 
whereas customary grazing (190 days/animal unit - ha) 
continued from 1998 through 2006 at site CG. 


Furthermore sites LG under low grazing intensity and 
sites HG under high grazing intensity were also investi- 
gated in 2008. The grazing intensity at site LG was 100 
days/animal unit - ha, and that at site HG was 290 days/ 
animal unit - ha. The latter was the highestgrazing inten- 
sity in this region (Table 3). At each study site grazing 
intensity remained unchanged from 2007 to 2008. Kira 
(1952) reported that Miscanthus sinensis Anderss was the 
most abundant species at a grazing intensity of 0.5 animal 
unit/ha, Pleioblastus chino (Franch. et Savat.) Makino var. 
viridis (Makino) S. Suzuki was the most abundant species 
at a grazing intensity of 0.6-1.0 animal unit/ha, Zoysia 
Japonica Steud. was the most abundant species at a grazing 
intensity over 1.5 animal unit/ha on Mt. Aso. In our study 
sites, the most abundant species were Z. japonica Steud. 
at site HG, M. sinensis Anderss. at site NG, and P. chino 
(Franch. et Savat.) Makino var. viridis (Makino) S. Suzuki 
and S. flavesens Ait. at site CG, respectively (Murata, et 
al., 2008). In all study sites, routine grassland burning was 
carried out every March. No mowing was carried out at 
any of the study sites during the study period. 


b) Route census of butterflies 


Butterflies were monitored by the route census method 


during the flight season (April to October) in 2005, 2006 
and 2008. The census was conducted for a total of 24 days 
each year. The number of adult butterflies was recorded 
for each species along a 500 m route taking about 10 
minutes between 10:30 and 13:00 hrs local time under 
fine weather conditions at each site (Murata & Nohara, 
2001, 2003, 2005). Individuals that were not distinguished 
in the field were captured for identification and then re- 
leased. Since the distinction between Papilio dehaanii C. 
& R. Felder, 1864 and P. maackii Ménétriés, 1858 and 
that between Pieris melete (Ménétriés, 1857) and Pieris 
nesis (Fruhstorfer, 1909) was very difficult in the field, 
we recorded them as Papilio spp. and Pieris spp., respec- 
tively. Species listed as "critically endangered”, “vulner- 
able", “careful” and “near threatened" in the red data book 
of Kumamoto Prefecture (2009) and those listed as “crit- 
ically endangered or endangered", “vulnerable” and “near 
threatened" in the red data book of Ministry of Environ- 
ment (2006) were treated as "rare species". The record 
species were classified into either forest species or grass- 
land species according to Tanaka (1988). 


c) Indices used for analyses 


To measure the species diversity at each study site, two 
indices were used: (1) the Shannon-Wiener function, H'= 
-2Plog,P., where P, is the proportion of the number of 
individuals of the i th species (n) to the total number of 
individuals of all component species (N) at each study 
site; and (2) Simpson’s 1-4, where AzZn (n.- Dy N(N-1). 
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Fig. 2. Seasonal changes of total number of individuals of butterflies 
and number of individuals of Shijimiaeoides divinus asonis 
at four study sites under different grazing intensities in 
2008. NG: Non-grazing; LG: Low grazing intensity; CG; 
Customary grazing intensity; HG; High grazing intensity. 


Extent of dominance was expressed by the McNaughton's 
dominance index, DI = (n, + n,)/N, where n, and n, are 
the number of individuals of the first and the second 
abundant species, respectively. Also, the similarity of the 
species composition between study sites was calculated 
using the index C, (Kimoto, 1967). 


A cluster tree showing similarity among the four study 
plots was drawn by the Mountford method using the C, 
index obtained in 2008. 


Results 
Butterfly fauna in Aso grasslands 


Sixty-four species assigned to five families were recorded 
during the three observation years (Table 1, 2). Six papil- 
ionid, six pieridine, 13 lycaenid, 28 nymphalid and 11 
hesperiid species were identified. The most species-rich 
families were Nymphalidae and Lycaenidae. Twenty-four 
and 40 species were classified as grassland and forest 
species, respectively. The most abundant species was S. 





No. of individuals 
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Fig. 3. Comparison of number of individuals of S. divinus asonis 
and Celastrina argiolus labonides. 


divinus asonis, a grassland species. Other abundant grass- 
land species were Colias erate poliographys Motschlsky, 
1860, Minois dryas bipunctata (Motschlsky, 1860), Ly- 
caena phlaeas daimio (Matsumura, 1919) and Polytremis 
pellucida pellucida (Murray, 1875). The forest species, 
Celastrina argiolus labonides (de l’ Orza, 1869), Ypthima 
argus Butler, 1866, Eurema mandarina (de V Orza, 1869), 
Neope niphonica Butler, 1881, Niphanda fusca (Bremer 
and Grey, 1852) and Argyronome ruslana (Motschulsky, 
1866) were abundant. 


Rare butterflies recorded 


Ten rare species were recorded at all study sites, of which 
five species were grassland and five forest species (Table 
1 and 2). According to the Red Data Book of Kumamoto 
Prefecture (2009), Zizina otis emelina (de l'Orza, 1869) 
is a critically endangered species, Leptidea amurensis 
(Ménetriés), S. divinus asonis and Kirinia fentori (Butler, 
1877) are vulnerable species, Argyronome laodice ja- 
ponica (Ménétriés) and Sasakia charonda (Hewitson, 
1863) are "careful species" [see comment above], and 
Neptis pryeri setoensis Fukuda & Minotani, 1999 is a near 
threatened species. According to the red list compiled by 
the Ministry of the Environment (2006), N. fusca, Z. otis 
emelina and S. divinus asonis are critically endangered or 
endangered species, L. amurensis and Eurema laeta bethe- 
seba (Janson, 1878) are vulnerable species. S. charonda, 
K. fentoni and Leptalina unicolor (Bremer and Grey, 1852) 
are near threatened species. 
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Table 3. Stocking density, grazing intensity, total number of butterflies, total number of species, dominant index (DJ) and the species 


diversity indexes (H' and 1-4) 




















2005 2006 2008 

NG CG NG CG NG LG CG HG 
Stocking density (animal unit / ha) 0 1.1 0 1.1 0 0.5 1.1 1.6 
Grazing intensity (day / animal unit - ha) 0 190 0 190 0 100 190 290 
Total number of individuals 709 1,145 684 1,069 459 755 1,039 211 
Total number of species 48 35 49 37 44 35 35 23 
Grassland species 20 19 20 19 20 19 19 14 
Forest species 28 16 28 18 24 16 16 9 
Rare grassland speceies 5 5 5 4 5 5 5 4 
Rare forest speceies 5 3 6 2 5 2 4 2 
All rare species 10 8 11 6 10 7 9 6 
Dominat index (DI) 0.44 0.65 0.56 0.68 0.38 0.49 0.59 0.53 
Species diversity index (H") 9.34 10.1 9.36 9.08 8.76 9.29 9.98 7.61 
Species diversity index (1-4) 0.86 0.64 0.77 0.64 0.89 0.85 0.74 0.76 


Seasonal changes in abundance of butterflies 


Figure 1 shows seasonal changes in the abundance of 
butterflies at the sites NG and CG in 2005 and 2006. There 
was a prominent peak in abundance of butterflies in May, 
due to very high abundance of S. divinus asonis, account- 
ing for about 90 % of the total number of butterflies (Fig. 
2). Although this species is known to be univoltine with 
adult emergence in spring, we observed the adult butterflies 
once or twice a year at the end of August in recent years. 
We compared seasonal prevalence patterns of S. divinus 
asonis and C. argiolus labonides at sites CG, LG, HG and 
NG in 2008 to see the degree of overlap in life cycle be- 
tween the two species (Fig. 3). S. divinus asonis was 
observed from late April to early June, with peak abundance 
in May, whereas C. argiolus labonides was not abundant 
in May and increased in June (Fig. 3). 


Comparison of butterfly communities between grazing 
site and non-grazing site 


We compared the structure of butterfly communities at 
site NG and site CG based on the census in 2005 to 2006. 
The total number of species found at site NG was higher 
than that at site CG. The number of nymphalid species 
was rather different between the two sites; 15 in 2005 and 
19 in 2006 at site NG, whereas only nine at site CG in 
both years. The difference was mainly due to the presence 
of more nymphalid forest species at site NG than at site 
CG (Table 1). The diversity indices (H' index and 1-4) of 
butterflies were nearly the same between sites NG and 
CG (Table 3). The similarities of species composition (C) 
between site NG and site CG in 2005 and 2006 was 0.91 
and 1.00 respectively. At site CG, McNaughton's domi- 
nance index (D/) was higher than that at site NG in both 
years. The most abundant species was $. divinus asonis 
at both sites in both years. The second most abundant 


species at site NG was C. argiolus labonides in 2005 and 
E. mandarina 1n 2006. On the other hand, at site CG, it 
was C. erate poliographus in both years. At site NG, 20 
grassland species and 34 forest species were recorded. At 
site CG, 19 grassland species and 22 forest species were 
recorded. As for grassland species at sites CG and NG, S. 
divinus asonis had the highest abundance, followed by C. 
erate poliographys, M. dryas bipunctata, L. phlaeas daimio 
and P. pellucida. The forest species, C. argiolus labonides 
had the highest population, followed by Y. argus, E. man- 
darina, N. niphonica, N. fusca and A. ruslana at both sites. 
The forest species were less abundant than the grassland 
species at each study site. The number of grassland species 
was nearly the same between sites NG and CG. There 
were more rare butterflies at site NG than at site CG, 
because of the presence of more rare forest species (Table 


1). 
Influence of the grazing intensity 


We examined the influence of grazing intensity on but- 
terfly communities based on the census in 2008. The total 
number of observed species was 44 at site NG, 35 at site 
LG, 35 at site CG and 23 at site HG (Table 2). Forest 
species were less abundant than grassland species at all 
study sites. Figure 3 shows the seasonal changes of all 
butterflies and S. divinus asonis observed at the four study 
sites in 2008. The latter species once again occupied about 
90 % of the total of all butterflies from late April to mid- 
May, not only at sites NG and CG but also at site LG, 
whereas C. erate poliographys (a grassland species) was 
the most abundant and the population levels of the other 
species were rather low at site HG. The number of rare 
grassland species was either four or five at each study site, 
and that of rare forest species was five at site NG, two at 
site LG, four at site CG and two at site HG. The Shannon- 
Wiener function (H') of butterflies was nearly the same 
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between the four study sites under different grazing in- 
tensities, whereas, Simpson's index of diversity (1-4) was 
variable among the four sites with a trend of decrease in 
accordance with increasing grazing intensity (Table 3). 
The similarity index (C,) indicated a similar species 
composition of the butterfly communities between sites 
NG, LG and CG, whereas the butterfly community at site 
HG was rather different from that in the other sites (Fig. 
4). 


At sites NG and HG, Y. argus (a forest species) was the 
second most abundant species. At sites LG and CG, C. 
erate poliographys (a grassland species) was the second 
most abundant species. The value of DI was 0.38 at site 
NG, 0.49 at site LG, 0.59 at site CG and 0.53 at site HG. 
More forest species were found at site NG than in the 
other study sites. At site HG, grassland species were at 
the highest percentage (60%) in abundance between the 
four study sites. The population level of C. argiolus la- 
bonides at the LG was much higher than in the other study 
sites. 


Discussion 
Butterfly fauna in Aso grasslands 


One hundred and nine species of butterfly have been re- 
corded in the Aso area (Kumamoto Nichinichi Shimbun, 
1987). Sixty four species, 60% of the butterfly species 
occurring in the Aso area, were recorded in the present 
study. This suggests that conservation of the grassland is 
very important for maintaining the butterfly fauna of the 
region. The butterfly fauna in the Aso area is characterized 
by a high abundance of grassland species, and especially 
a high abundance of S. divinus asonis, with a prominent 
peak in May. All grasslands studied here adjoined forests, 
and forest edge habitat is known to be rich in butterfly 
species (Ishii et al., (1995)). Five rare forest species and 
five rare grassland species were recorded in the present 
study. Z. otis emelina is classified to be “critically endan- 
gered” (CR) in the Red Data Book of Kumamoto Prefec- 
ture (2009). S. divinus asonis is classified as “vuluerable” 
(VU) by Kumamoto Prefecture (2009), and “critically 
endangered or endangered (CR + EN) by the Ministry of 
the Environment (2006). Murata et al. (2008) reported 
that the population of S. divinus asonis has been declining 
as a result of environmental changes in the Aso Region. 
The number of grassland species in the Aso area, includ- 
ing S. divines asonis should be monitored because the 
environments may change from grassland to forest through 
vegetation succession. 


Seasonal changes in butterfly populations 


The peak of S. divinus asonis occurs in May and this pat- 


tern is characteristic of the seasonal fluctuation of grassland 
species in Aso. However, grazing intensity affects the 
abundance and species of butterflies after May; the abun- 
dance of site NG was higher than that of site CG. This 
suggests that the abundance and species diversity of some 
forest species increase because environments tend to 
change from grassland to forest after the cessation of 
regular burning. The abundance of forest species may also 
increase under low grazing intensity. The above results 
suggest that the maintenance of grazing intensity is im- 
portant to preserving the abundance and diversity of but- 
terflies. 


Comparison of butterfly fauna between grazing and 
non-grazing sites 


Morris (1975, 1981) reported that burning was more 
catastrophic for insect habitats and therefore to be avoided, 
while haymaking, with attention to timing and rotation, 
could effectively substitute for grazing. In the Mt. Aso 
region, however, S. divinus asonis and other rare grassland 
butterfly species have been preserved in grasslands main- 
tained by regular burning by cattle-breeders every spring 
for several hundred years (Murata and Nohara, 1993, 
Murata et al., 1998). The combination of burning and 
grazing could have a positive effect in maintaining the 
habitat of S. divinus asonis under suitable conditions 
(Murata et al., 1998). 


On the other hand, the influence of grazing on butterfly 
fauna in the Aso grassland has not been studied. Thomas 
(1991) demonstrated a negative effect of succession on a 
number of lycaenid butterflies. Murata et al. (2008) also 
showed a negative effect of succession on the population 
of S. divinus asonis stopping burning or stopping con- 
tinuous grazing on Mt. Aso. The value of D/ depended on 
the population of S. divinus asonis, which was the most 
abundant species at sites NG and CG. Studies by Lipscomb 
and Jackson (1964) and Thomas (1983a, b) showed a 
pronounced decrease in the number of species and a shift 
in species composition from dominance of Lycaenidae to 
dominance of Hesperiidae and Satyrinae, and this was 
attributed to cessation of grazing. The high value of the 
similarity index (C,), as well as similar values of diver- 
sity indices (万 and 1-4) obtained for sites NG and CG 
indicated that the butterfly communities were basically 
similar between the two sites, but site NG had more nym- 
phalid species than site CG. These results suggest that if 
the grazing ceased, the number of nymphalid species 
would increase. 


Influence of grazing intensity 


New et al. (1995) reported that rare butterflies may also 
have narrow ranges of tolerance to disturbance caused by 
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the vegetation management in their habitats, narrower than m NG LG CG HG 
the vegetation they depend on. In this study, the species : [ 

richness (whole species) of butterflies was 44 species at 


site NG, 35 species at site LG (100 days/animal unit - ha, 
0.5 animal unit/ha), 35 species at site CG (190 days/animal 
unit - ha, 1.1 animal unit/ha) and 23 species at site HG 
(290 days/animal unit - ha, 1.6 animal unit/ha). The di- 0.83) 
versity index of butterflies (H' index and 1-4) was low at | 
site HG. On the other hand, it tended to increase at site 

NG and site LG. These results suggest that grazing inten- 
sity influences the biodiversity of grassland species and 
HG is not a suitable management regime for preserving 9.77 |. 
grassland species. Effects of vegetation succession and 
vegetation management on butterfly assemblage are sim- | 








ple. Thomas (1991) demonstrated a negative effect of 
succession on the species richness of a number of lycae- F 
nid butterflies, suggesting the importance of certain man- 0.71; 
agement regimes for grassland vegetation for maintaining 
lycaenid habitat. Erhardt (1985) found that the number of 
butterfly species increased in the subalpine region during 
the early stage of succession, but then decreased as soon F 
as bushes began to invade. Balmer and Erhardt (2000) 
reported that old fallow land showed a significantly higher 
species richness of butterflies (--3296) and heterogeneity 
of the environment (+65%) and hosted more Red List 
species (+48%) than that of early fallow land. S. divinus 
asonis is more abundant at site CG than at site LG, where- 
as C. argiolus ladonides is more abundant at site LG than 
at site CG (Table 2, Figure 3), a possibility of site-related 
effects of competition, favoring S. divinus asonis in the [ 
customary grazing habitats and C. argiolus labonides in 
the low grazing habitats. Actually, however, S. divinus 
asonis was observed from late April to early June, with 9.53) 
peak abundance in May, whereas C. argiolus was not 
abundant in May and increased in June, which is the peak [ 
abundance of the second brood. The periods of high 
abundance for adults, hence for larvae as well, were dif- 
ferent between the two species, suggesting that competi- 0.47| 
tion on the larval host plants would be minimal. How- 
ever, an increase of C. argiolus labonides could be a sign 
of decline of S. divinus asonis. | 


Similarity (Cr) 


By contrast, the number of butterfly species and the spe- 
cies diversity indices at the high grazing intensity site was 0.41. 
lower than those at the customary grazing and low grazing 
sites. These results suggest certain negative effects of F 
grazing for the butterfly community. It is also suggested 
that there is a suitable level of grazing intensity for con- 
serving each rare butterfly in the Aso grasslands. The 0.35), | 
population level of S. divinus asonis was highest at site 
CG (190 days/animal unit - ha) where the cover degree of 
the host plant was highest among the three study sites 
(Murata et al., 2008), but higher or lower grazing intensity 














Fig. 4. Similarity of butterfly assemblages at the four study sites. 
The dendrogram was created using Mountford clustering 
of Cz index. For explanation of the study sites, see that 
of Fig. 2. 
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including no grazing, may be suitable for other species. 


In conclusion, a combination of various grazing intensities 
is considered to be beneficial for conserving the butterfly 
fauna. Non-grazing sites are also important for conservation 
of the butterfly fauna in the Aso grasslands. 
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摘 要 


オオ ルリ シジミ の 生息 地 に お ける チョ ウ の 種 多様 性 に 
及ぼ す 放 牧 の 影 響 (村田 浩平 , 松浦 朝 奈 ) 


絶滅 危 恨 種 で ある オオ ルリ シジミ の 生息 する 阿蘇 地域 の 草 
原 は , 毎年 , 野焼き と 放牧 が 継続 され て いる 草地 が 多い . 
本 研究 で は , 本 種 の 生息 する 阿蘇 地域 の 草原 に お ける チョ 
ウ 相 を 解明 する と と も に , 放牧 の 有無 や 放牧 圧 が 本 種 を 合 
む チ ョ ウ 相 に 及ぼ す 影 響 に つい て , オオ ルリ シジミ を 保護 
し つつ その 他 の チョ ウ へ の 影響 を で きる だ け 与 えな い 放 牧 
圧 と は 何 か を 明らか に する こと を 目的 と し て チョ ウ 相 を 調 
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査 し , 次 の よう な 結果 を 得 た .(1) 阿蘇 地域 の 草原 に お いて 
調査 期間 中 に 確認 され た チョ ウ は , 10 種 の 希少 な ナ ョ ウ を 
含み $ 科 64 種 で あっ た . (2) 草原 性 種 の 優 占 種 は オオ ル 
リ シ ジ ミ , モン キチ ョ ウ な ど で あ っ た . 一 方 , 森林 性 種 の 
優 占 種 は ルリ シジミ , キチ ナ ョ ウ な ど で あ っ た . (3) 放牧 の 
有無 が チョ ウ 類 群集 に 与え る 影響 を 調べ た と ころ , 
Shannon-Wiener 関数 (H) に 大 き な 違 は 見 られ な か っ た 
が , 種 数 は 休 牧 区 の ほう が 多く , Simpson の 多様 度 指数 (1- 
A) は 休 牧 区 の 方 が 高かっ た . また , 休 牧 区 で は 森林 性 種 の 
割合 が 高く , 放牧 区 で は 草原 性 種 の 割合 が 高い 傾向 が み ら 
NE. (4) 放牧 圧 が 低い と シジミ チョ ウ 科 の 優 占 種 が 草原 
性 種 の オオ ルリ シジミ か ら 森 林 性 種 の ルリ シジミ に 変化 す 
る 傾向 が み ら れ た . (5) 放牧 圧 の 違い が チョ ウ 類 群集 に 与 
える 影響 を 調査 し た と ころ , Shannon-Wiener 関数 (H’) (C HH 


ら か な 傾向 は み ら れ な か っ た が , Simpson の 多様 度 指数 (1- 
A) は 放牧 圧 が 増加 する ほど 低下 する 傾向 を 示し た . (6) 草 
原 性 の 希少 種 の 種 数 は 放牧 圧 に よっ て 変化 し な か っ た が , 
休 牧 区 の 森林 性 の 希少 種 は 低 放牧 圧 区 , 慣行 的 放牧 圧 区 お 
よび 高 放牧 圧 区 より 多かっ た . (7) オオ ルリ シジミ の 個体 
数 は , 休 牧 区 , 低 放牧 圧 区 , 慣行 的 放牧 圧 区 の 3 区 で 5 月 に 
チョ ウ 類 総 個体 数 の 90% を 占め て いた . これ ら の 結果 か 
ら , 阿蘇 地域 の オオ ルリ シジミ の 生息 地 に お ける 放牧 圧 の 
違い は , チョ ウ 類 の 種 構成 に 大 き な 影 響 を 及ぼ し て お り , 
様々 な 放牧 圧 の 草原 が 存在 する こと は , 同 地 域 の ナ ョ ウ 相 
を 保全 する 上 で 重要 で ある こと が 示唆 きれ た . 


(Received April 16, 2010. Accepted February 10, 2011) 
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